Bedside adherence to clinical practice guidelines for enteral nutrition in critically ill patients receiving mechanical ventilation: a prospective, multi-centre, observational study by Quenot, Jean-Pierre et al.
RESEARCH Open Access
Bedside adherence to clinical practice guidelines
for enteral nutrition in critically ill patients
receiving mechanical ventilation: a prospective,
multi-centre, observational study
Jean-Pierre Quenot
1*, Gaetan Plantefeve
2, Jean-Luc Baudel
3, Isabelle Camilatto
4, Emmanuelle Bertholet
5,
Romain Cailliod
6, Jean Reignier
7, Jean-Philippe Rigaud
8
Abstract
Introduction: The primary aim was to measure the amount of nutrients required, prescribed and actually
administered in critically ill patients. Secondary aims were to assess adherence to clinical practice guidelines, and
investigate factors leading to non-adherence.
Methods: Observational, multicenter, prospective study, including 203 patients in a total of 19 intensive care units
in France. The prescribed calorie supply was compared with the theoretical minimal required calorie intake
(25 Kcal/Kg/day) and with the supply actually delivered to the patient to calculate the ratio of calories prescribed/
required and the ratio of calories delivered/prescribed. Clinical factors suspected to influence enteral nutrition were
analyzed by univariate and multivariate analysis.
Results: The median ratio of prescribed/required calories per day was 43 [37-54] at day 1 and increased until day
7. From day 4 until the end of the study, the median ratio was > 80%. The median ratio of delivered/prescribed
per day was > 80% for all 7 days from the start of enteral nutrition. Among the variables tested (hospital type, use
of a local nutrition protocol, sedation, vasoactive drugs, number of interruptions of enteral nutrition and
measurement of gastric residual volume), only measurement of residual volume was significant by univariate
analysis. This was confirmed by multivariate analysis, where gastric residual volume measurement was the only
variable independently associated with the ratio of delivered/prescribed calories (OR = 1.38; 95%CI, 1.12-2.10,
p = .024).
Conclusions: The translation of clinical research and recommendations for enteral nutrition into routine bedside
practice in critically ill patients receiving mechanical ventilation was satisfactory, but could probably be improved
with a multidisciplinary approach.
Introduction
Nutritional support is now considered as a standard of
care for intensive care unit (ICU) patients and has been
the first-line choice for more than two decades [1]. The
generally accepted goals of nutritional delivery in criti-
cally ill patients are to provide nutritional therapy con-
sistent with the patient’s condition, prevent nutrient
deficiencies, avoid complications related to nutrition
delivery, and improve patient outcome [2]. Most inten-
sive care doctors aim to administer 25 Kcal/Kg/day, an
energy target in line with recent recommendations [1-3].
Unfortunately, a number of factors render the provision
of optimal enteral nutrition difficult, such as insufficient
caloric targets, gastrointestinal dysfunction such as
vomiting and diarrhea, repeated procedures and sur-
geries associated with interruption of enteral nutrition,
feeding tube displacement, inadequate routine nursing
procedures with delayed administration of the enteral
feed, or premature enteral nutrition withdrawal [4-6].
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posed as a strategy to optimize adequate delivery of
nutritional support [7,8]. Despite a number of corrective
measures proposed in recent years, exclusive enteral
nutrition in ICU patients remains associated with nutri-
tional deficiencies, and is correlated with impaired
short- and long-term clinical outcomes [9,10]. To assess
the translation of recommendations [1-3,7,8] into rou-
tine critical care, we measured the amount of nutrients
required, prescribed and actually delivered in critically
ill patients. Furthermore, we sought to identify the rea-
sons for discrepancies between prescriptions and
requirements, and between prescriptions and actual
delivery of nutrition, through a prospective, observa-
tional, multicenter study. Preliminary results were pre-
sented at the 37
th Congress of the Société de
Réanimation de langue Française (SRLF, French-speak-
ing Society of Intensive Care) in Paris, in January 2009.
Materials and methods
Study design
An observational, prospective, multicentre study was con-
ducted in 19 ICUs in France (see acknowledgements for
complete list of participating centers). In early 2008, the
Clinical and Epidemiology Research Commission (CERC)
of the French-speaking Society for Intensive Care (SRLF)
posted on its website a call for nurses to participate in a
working group to evaluate practices in enteral nutrition
and adherence to national guidelines published by the
SRLF [1-3,7,8]. All 44 respondents, representing 24 French
ICUs, were included in the working group, which also
included four critical care physicians (members of the
CERC). The study protocol (study variables, inclusion and
exclusion criteria etc) was developed with the working
group during a one-day meeting. No specific protocol for
enteral nutrition was stipulated, in order to preserve the
‘real world’ nature of the observations. The members of
the working group constituted the participating centers.
As this observational study required no deviation from
routine medical practice, institutional review board
approval was not required. The study was approved by the
Ethics Committee of the SRLF.
Patient population
Over a period of two months (15 August to 15 October
2008) consecutive patients receiving mechanical ventila-
tion and without contraindication to initiation of enteral
nutrition (e.g., gastrointestinal bleeding, ileus, suspected
perforation, abdominal surgery, prone positioning) or to
insertion of a small-bore feeding tube (e.g. active vari-
ceal bleeding) were considered eligible for the study.
Patients receiving non-invasive mechanical ventilation or
parenteral nutrition were excluded. Decisions related to
care, time of insertion, type of feeding tube, type of
enteral formula, and use of prokinetic medication were
guided by the multidisciplinary team caring for the
patient. All patients received enteral nutrition via con-
tinuous infusion by a feeding pump. The amount of ent-
eral nutrition delivered was quantified daily. Daily
caloric intake was determined by multiplying the total
amount of enteral nutrition delivered by the caloric con-
tent of the formula(s) and was recorded every morning.
A local protocol for enteral nutrition (no details avail-
able) previously existed and was applied in 12 ICUs,
while only seven ICUs systematically measured gastric
residual volume (GRV).
Data collection
For each patient, the following data were recorded on
admission: age, gender, body mass index (BMI = weight
in Kg divided by height in meters squared), primary
diagnosis and Simplified Acute Physiology Score (SAPS)
II [11]. Prescriptions of sedation and vasoactive drugs
were also recorded. The reasons for interruptions of
enteral nutrition were recorded (weaning, radiology,
emesis, diarrhea, problems with the small-bore feeding
tube etc) for the seven days of the study period.
The duration of mechanical ventilation was also
recorded.
Each day until day seven (or until patients were extu-
bated, whichever came first), the amount of nutrients
prescribed enterally and the amount of nutrients actu-
ally delivered to each patient was recorded by the nurses
in each ICU. The optimal minimal calorie supply was
set at 25 Kcal/Kg/day in accordance with current guide-
lines [1-3]. For obese patients (BMI >30 Kg/m
2), optimal
calorie intake was calculated for a theoretical weight
corresponding to a BMI of 30 kg/m
2. The Harris-Bene-
dict equation adjusted for stress factors was not used in
participating ICUs for calculation of required calories.
Length of stay in the ICU and in-hospital, as well as
mortality were also recorded.
End points for enteral nutrition efficacy
The primary objective of this study was to calculate the
ratio of prescribed to required calories, and the ratio of
calories actually delivered to calories prescribed. The
prescribed calorie supply was compared with the theore-
tical minimum required calorie intake (25 Kcal/Kg/day),
and the calorie supply actually administered to the
patient was compared with the prescribed amount. As a
secondary endpoint, we analyzed factors likely to influ-
ence enteral nutrition and contribute to non-adherence
to published guidelines for enteral nutrition.
Data evaluation and quality control
All data except SAPS II and patient outcome were col-
lected by the investigating nurses in each ICU. An
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base using a specific computer program (Microsoft
Excel, Microsoft Corp., Redmond, WA, USA). The pro-
gram included reliability checks based on ranges for all
data, and logical checks for inconsistencies and missing
data. The members of the CERC carried out extensive
data cleaning, and queries were addressed to the investi-
gators for questionable or missing data.
Statistical analysis
Continuous variables are reported as mean ± standard
deviation or median (interquartile range). The median
ratios of prescribed/required calories and delivered/pre-
scribed calories were determined for the first seven days
after the start of enteral nutrition or until the patient
was extubated (whichever occurred first).
Clinical factors suspected to influence enteral nutri-
tion (hospital type, use of a local nutrition protocol,
sedation, vasoactive drugs, measured gastric residual
volume and number of interruptions (divided into two
classes <5 and >5)) were analyzed using the Mann-
Whitney U test. Clinical factors suspected to influence
the ratio of calories delivered/prescribed were analyzed
by multivariate logistic regression. Variables associated
with the ratio of delivered/prescribed calories by uni-
variate analysis (P < 0.10) were entered into a stepwise
logistic regression.
A P value less than 0.05 was considered significant.
Statistical analyses were performed using SAS v 8.2 soft-
ware (SAS Institute, Cary, NC, USA).
Results
Characteristics of study population
A total of 203 patients were included in the study
(Table 1). Mean age was 62 ± 18 years; 134 (66%) were
men. Mean SAPS II score on ICU admission was 53 ±
18 points. Mean BMI was 27 ± 8 Kg/m
2. The participat-
ing ICUs comprised university and/or regional hospitals
(n = 10, 52%), and general (non academic) hospitals
(n = 9, 48%). There were 6 (31%) mixed medico-surgical
and 13 (69%) medical ICUs. The mean number of beds
in ICUs was 14 ± 3.
Primary endpoint: calories prescribed, required and
actually delivered
The median ratio of prescribed/required calories per
day was 43 (37 to 54) on day one and increased until
day seven (Table 2). From day four until the end of
the study, the median ratio was more than 80%. The
analysis concerned all 203 patients on day one, and
decreased to 110 patients on day seven, due to inter-
ruptions to enteral nutrition and/or extubation in
some patients.
The median ratio of delivered/prescribed per day was
more than 80% over the seven days from the start of
enteral nutrition.
Secondary endpoint: factors suspected to influence
enteral nutrition
We evaluated by univariate analysis the following vari-
ables, considered likely to influence enteral nutrition,
and contribute to non-adherence to feeding guidelines:
hospital type, use of a local nutrition protocol, sedation,
vasoactive drugs, number of interruptions, and measure-
ment of GRV (Table 3). Among the variables tested,
only the systematic measurement of GRV was signifi-
c a n t l ya s s o c i a t e db yu n i v a r i a t ea n a l y s i sw i t ht h em e a n
ratio of prescribed/required and delivered/prescribed
calories: when GRV was not measured, there was a sig-
nificantly higher mean ratio of prescribed/required and
delivered/prescribed calories (P <0 . 0 5 ) .T h i sw a sc o n -
firmed by multivariate analysis, where GRV measure-
ment was the only variable independently associated
with the ratio of delivered/prescribed calories (odd ratio
= 1.38; 95% confidence interval = 1.12 to 2.10,
P = 0.024). In practice, when GRV is measured, there is
a 38% increase in the risk of having a low ratio of deliv-
ered/prescribed calories.
Table 1 Patient characteristics
Number of patients 203
Hospital type (n)
Academic 89
Community 114
Age (years) 62 ± 18
Gender (male/female) 134/69
SAPS II (points) 53 ± 18
Body mass index (kg/m
2)2 7 ± 8
Primary diagnosis, n (%)
Respiratory 65 (32)
Cardiovascular 11 (5)
Neurologic 54 (27)
Renal 4 (2)
Post surgical 7 (3)
Septic shock 28 (14)
Traumatologic 10 (5)
Burns 1 (0.5)
Other 23 (11)
Mechanical ventilation (days) 12 ± 9
Length of ICU stay (days) 15 ± 13
Length of hospital stay (days) 28 ± 19
ICU mortality, n (%) 50 (25)
In-hospital mortality, n (%) 65 (32)
Continuous variables are reported as mean ± standard deviation and
categorical variables as number of patients (percent)
ICU: intensive care unit; SAPS II, simplified acute physiologic score II.
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This is the first multicenter study to assess the level of
bedside adherence to clinical practice guidelines for ent-
eral nutrition in critically ill patients receiving mechani-
cal ventilation further to the publication of recent
guidelines [1-3].
The main finding of our study is a good ratio of cal-
ories actually delivered/prescribed (>80%) and calories
prescribed/required (>80%), notably after 72 hours.
These results are better than those observed in recent
studies in similar populations [5-8,12,13]. We observed
a satisfactory ratio of delivered/prescribed calories,
exceeding 80%, indicating that in general, medical pre-
scriptions are accurately applied by the ICU team over
the first seven days.
The main objective of nutrition in critical care is to
obtain a calorie content of 25 to 35 Kcal/Kg/day at two
to three days [1-3]. The amount of calories is based on
measurement of oxygen consumption (indirect calorime-
try) as the reference method, but this requires costly
equipment and technical skills that are not widely avail-
able, as well as being time-consuming [14]. Another
method is the assessment of resting energy expenditure
using the Harris-Benedict formula [15], which is a sim-
ple formula that takes into account the patient’s weight,
height, age, and gender.
Previous reports have shown that the calorie supply
prescribed and that actually delivered are often below
the patients’ theoretical needs, because of late initiation,
unjustified or excessively long interruptions, diagnostic
procedures, airway management, mechanical problems,
and failure to reinstill GRV samples [5,16,17]. The toler-
ability of enteral nutrition is sometimes poor, especially
in case of treatment with vasoactive drugs, shock, or
sedation, or in case of vomiting, repeated interruption of
enteral feeding, or upper digestive intolerance [13,17,18].
Table 2 Ratio of prescribed to required calories, ratio of delivered to prescribed calories and ratio of delivered to
required calories per day
Day Number of patients on each day % of prescribed/required % of delivered/prescribed % of delivered/required
1 203 43 (37-54) 85 (77-92) 36 (29-44)
2 189 67 (59-76) 85 (76-91) 57 (48-65)
3 166 73 (65-88) 90 (80-98) 66 (58-73)
4 148 80 (71-91) 90 (79-97) 72 (65-80)
5 130 86 (78-93) 93 (82-101) 80 (71-88)
6 116 88 (79-95) 90 (79-99) 79 (70-86)
7 110 87 (78-94) 93 (81-102) 81 (73-88)
Values are expressed as median (interquartile range).
Table 3 Variables influencing the total ratio of delivered to prescribed calories over the seven-day study period by
univariate analysis
Variable Number of patients % prescribed/required P value % delivered/prescribed P value
Hospital type 0.91 0.67
Academic 89 70 (59-78) 86 (79-97)
Community 114 72 (63-80) 87 (80-97)
Local protocol 0.38 0.94
Yes 137 73 (65-79) 88 (81-100)
No 66 66 (59-73) 84 (79-98)
Sedation 0.86 0.03
Yes 150 66 (58-78) 89 (82-101)
No 53 62 (54-71) 80 (71-87)
Vasoactive drugs 0.32 0.77
Yes 102 70 (59-79) 88 (81-99)
No 101 72 (61-80) 86 (79-92)
GRV measured 0.002 0.01
Yes 135 68 (59-77) 83 (76-89)
No 68 77 (69-84) 95 (90-104)
Number of interruptions
<5 180 71 (63-79) 0.42 71 (66-78) 0.08
>5 23 69 (58-75) 65 (59-72)
Values are expressed as median (interquartile range); GRV: gastric residual volume
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the prescribed calories and the level of actually delivered
calories by univariate analysis was the measurement of
G R V .T h i sc o u l db ee x p l a i n e db yt h ef a c tt h a tG R V
measurement by ICU nurses is either systematic (i.e. sti-
pulated by local protocol), particularly at the time of
initiation of enteral nutrition; or else applied in case of
regurgitation, which hinders the achievement of daily
calorie intake goals. In this case, the nurses tend to
lower the flow rate, or even stop enteral nutrition
altogether.
In one recent report, immediate introduction of the
optimal dose of enteral nutrition was associated with
significantly more episodes of GRV of more than
300 ml and with a trend towards more frequent use of
prokinetic agents [19]. The impact of GRV on the risk
of serious adverse events is controversial, and contro-
versy persists regarding the threshold predictive of unfa-
vourable outcome (about 250 ml) [20]. A recent study
has shown a non-consistent relation between aspiration
and GRVs [21]. The role of gastrointestinal dysfunction
might have been reduced by the fact that the decision to
start, increase, reduce, or stop enteral nutrition was
made by the physician according to the patient’sc l i n i c a l
condition, especially the gastrointestinal tract status
(vomiting, diarrhea, or abdominal pain or distension).
Our study was not designed to evaluate gastrointestinal
tolerance to enteral feeding, because such an evaluation
would have required a standardized protocol for enteral
nutrition to be applied in all participating centers.
Interestingly, we observed a significantly higher ratio
of delivered/prescribed calories in sedated patients. This
could be explained by the fact that physicians tend to
prescribe less enteral nutrition because of the risk of
regurgitation among these patients, and thus, ICU
nurses would generally have proceeded as usual in
accordance with their standard practice or as stipulated
in any local protocol.
Recent evidence suggests that even with the best
intensive educational programs to increase compliance
with enteral nutrition guidelines, patients receive only
50% of the prescribed requirements [22].
In our study, the existence of a local protocol had no
effect on the total percentage of calories delivered or
prescribed, perhaps because published guidelines are
simple and easily applicable [1-3]. Clinical trials to
assess interventions and outcomes in enteral nutrition
may not be applicable to everyday practice, given that
delivery of prescribed enteral nutrition is commonly
incomplete. Therefore, we believe that the results of this
‘real world’ study are a powerful tool to inform about
the processes used to feed patients [23].
Most procedure and radiological studies require the
patient to be supine, a requirement that interrupts
enteral nutrition because of the increased risk of aspira-
tion. Together, procedures and radiological studies
accounted for 13% of the interruptions in enteral nutri-
tion [13].
We observed in our study a discrepancy between
required and prescribed calories, which can most prob-
ably be explained by under prescription on the part of
the physicians. Insufficient information, notably absence
of BMI data at admission, likely led to sub-optimal
prescription.
In our study, we did not assess the effect of enteral
nutrition on patient outcome. Few studies have demon-
strated the capacity of enteral nutrition to reduce infec-
tious complications, improve nutritional endpoints, or
decrease mortality [1,23]. A recent study [4] demon-
strated that although successful implementation of the
guidelines resulted in a significant change in practice, it
did not lead to reduced hospital mortality in critically ill
patients.
Study limitations
There are several limitations associated with the meth-
ods used in this study. The protocol used in participat-
ing ICUs was not stipulated in detail, notably as regards
use of the Harris-Benedict formula [15], prokinetic med-
ication or measurement of GRV. Also, local protocols
were generally based on the same French and interna-
tional recommendations [1-3]. The results would likely
have been significantly different if a reference level for
theoretical calorie requirements above 25 Kcal/kg/day
had been used. It should be noted that there was a
considerable reduction (about 50%) in the number of
participants after day three, which undoubtedly reduces
the power of this study and the results should be
interpreted with care. Also, it should be noted that we
were unable to calculate the caloric uptake contained in
infusions or the lipid content of propofol infusions.
Furthermore, the patient population was predomi-
nantly non-surgical, and any conclusions are restricted
to this population and the results of this study cannot
be extrapolated to other patient types or all other ICUs
in France, because the patient populations may be sig-
nificantly different in other centers.
Finally, although multivariate analysis was performed,
its results should be interpreted with caution, because
this was an observational study, and it is impossible to
take into account all confounding factors.
Conclusions
This study is in line with efforts at European level to
evaluate professional practices, and quantify the differ-
ences between what is recommended in clinical guide-
lines and/or the medical literature, and what actually
happens in daily routine practice at the bedside.
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tional support including nurses, dieticians, and pharma-
cists, with regular training of medical staff involved in
nutrition support prescription and delivery. A compre-
hensive review of routine practice in ICUs might help to
achieve optimal nutrition care for critically ill patients.
The translation of clinical research and recommenda-
tions for enteral nutrition into routine critical care at
the bedside in critically ill patients receiving mechanical
ventilation was satisfactory, but could likely be improved
with the use of a multidisciplinary approach.
Key messages
￿ In patients receiving enteral nutrition, the calorie
supply prescribed and that actually delivered are
often below the patients’ theoretical needs.
￿ We performed an observational, multicenter study
in a representative sample of ICUs to evaluate theo-
retical calorie requirements, calories prescribed, and
actual calories delivered in ICU patients, in light of
guidelines for enteral nutrition.
￿ We observed a good ratio of calories actually deliv-
ered/prescribed (>80%) and calories prescribed/
required (>80%), notably after 72 hours, indicating
that in general, medical prescriptions are accurately
applied by the ICU team over the first seven days.
￿ In our study, the only factor that significantly
influenced the prescribed calories and the level of
actually delivered calories by univariate analysis was
the measurement of GRV. This was confirmed by
multivariate analysis, where GRV measurement was
the only variable independently associated with the
ratio of delivered/prescribed calories.
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